The land fallow policy was adopted by central and local governments to encourage the abandonment of water-intensive crops, such as winter wheat, in groundwater over-exploited areas. At the same time, since the 1990s, many households in the North China Plain (NCP) have chosen to replace the winter wheat and summer maize double-cropping system with the spring maize single-cropping system. Therefore, it is crucial to identify target land parcels for winter wheat abandonment and to design reasonable and proper standards for ecological compensation prior to the implementation of the land fallow policy in the NCP. In this study, multi-level logit models were used with household survey data in order to detect determinants across land parcel, household and village levels on household cropping system decisions; the opportunity costs for winter wheat abandonment were also calculated using cost-benefit analysis. The results show that: (1) land quality and irrigation condition at parcel level are two essential elements influencing household cropping system decisions. Nearly 70% of the total area of poor land and more than 90% of the total area of unirrigated land has suffered winter wheat abandonment. Target land parcels for the land fallow policy should be those that are irrigated and of high quality. (2) There were no significant differences between net profits from spring maize and summer maize under similar farming conditions, and the opportunity cost for winter wheat abandonment should be equal to the net profit of winter wheat. (3) The primary purpose of the land fallow policy is to induce groundwater recovery and restoration as a preliminary stage. A higher level of 350 yuan/mu is recommended as subsidy for ecological compensation at this stage. Later, the primary purpose of the policy should be a transition to a balance between exploitation and supplementation of water resources, and a lower level of 280 yuan/mu is recommended as a subsidy at this stage.
Introduction
The North China Plain (NCP) is one of the major food production areas in China. It is also amongst the global "hotspots" in terms of water scarcity (Chen et al., 2003; Gleeson et al., 2012) . The conflict between agriculture and water is alarming, and groundwater has been the lifeblood of agriculture here since the 1970s (Cao et al., 2013; Hu et al., 2010) . However, the over-exploitation of groundwater in the NCP has had devastating consequences. The shallow groundwater tables have dropped 20-40 m across Hebei and Beijing (Zhang et al., 2009) . The groundwater depression cone has been expanding and deepening since the 1970s, forming a bread-like groundwater depression cone in the piedmont plain and a deep composite groundwater cone with an area of 5×10 4 km 2 (Zhang et al., 2009) . Groundwater over-exploitation has also caused severe land subsidence and ground fissures. Tianjin, Cangzhou and northwest Beijing are three major centers of land subsidence, and the maximum land subsidence in both Tianjin and Tanggu has exceeded 3.1 m. Many ground-fissure disasters occurred in Hengshui during 2006-2010; of these, the Wuyi-Fucheng fissure was the longest, reaching a length of 8 km (Kou, 2014) . The scale of the problem is such that it is now imperative to find ways to induce groundwater recovery and restoration in the NCP.
Of all the agricultural crops in the NCP, winter wheat has played a key role in the development of water scarcity and the over-exploitation of groundwater, as more than 70% of irrigation water is consumed by winter wheat (Li et al., 2005; Sun et al., 2010) . In comparison, maize consumes less groundwater than winter wheat, as during its growing period in summer and autumn it receives larger volumes of natural precipitation (Sun et al., 2011) . Therefore, the land fallow policy, with a reduction in sown areas of winter wheat, should be the most effective way to reduce agricultural water consumption and to improve the groundwater environment.
The government has recently put forward policies and regulations to promote the land fallow policy in groundwater over-exploited areas. In 2014, the rehabilitation of agricultural resources was first proposed by the Central First Document, and the groundwater over-exploited NCP was selected as one of the pilot areas. In November 2015, the government explicitly recommended the land fallow policy as a goal for the upcoming Thirteenth Five-Year Plan for social and economic development. Later, Chairman Xi Jinping confirmed that the groundwater over-exploited NCP would be one of the three land fallow pilot areas, along with heavy-metal-contaminated areas and ecological severely degraded zones. He also elaborated in detail that certain areas of farmland should be identified for the land fallow policy, and that local households should be compensated in the form of food or cash in response to the policy. At the same time, local governments of Beijing and Hebei formulated definite plans to secure the implementation of the land fallow policy. In 2014, the Beijing Municipal Government and the Beijing Municipal Bureau of Agriculture both issued several documents; their major tasks are adjustments in agricultural structure and a reduction in sown areas of high-water-consuming crops. Hebei province also formulated similar plans. In the document The Implementation Program on Pilot Comprehensive Control of Groundwater Over-exploitation in Hebei Province through Agricultural Cropping Structure Adjustments and Water-saving Projects in 2014 , the government of Hebei province pinpointed the reduction in sown areas of winter wheat in deep groundwater over-exploited areas, and pre-liminarily determined 500 yuan/mu (15 mu = 1 ha) to be the subsidy for the land fallow policy. Generally, the terms of the land fallow policy have been set, and some regions in the NCP have already been forced to reduce sown areas of winter wheat. However, the policy is still in its initial stages, and few studies have been related to it. In-depth analysis is greatly needed, especially on target land parcels and reasonable and proper compensation standards.
At the same time, recent studies have found that cases of households abandoning winter wheat on their own initiative were universal across the NCP during the ten years before the land fallow policy was put forward (Wang et al., 2014) . Statistical data have also shown that sown areas of winter wheat have reduced since the late 1990s, and that large, spatially continuous areas which were previously winter wheat and summer maize farmed using the double-cropping system are being replaced by spring corn farmed using the single-cropping system in the NCP (Feng et al., 2007; Huang et al., 2012) . Thus, the land fallow policy should exclude land parcels where winter wheat has been abandoned by households on their own initiative. Land parcels that are still used for winter wheat production are the policy targets. Besides this, the designation of reasonable and proper ecological compensation standards is another major task for the land fallow policy (Han and Yu, 2014) . High subsidies would have a negative effect on the food subsidy policy, causing a loss of winter wheat production and a threat to food security; they would also reduce the cost-effectiveness of the policy and waste public financial funds. The market prices for land transition will also be influenced by high subsidies for the land fallow policy, and the influence may even trigger a series of social problems through rent dissipation (Li, 2014; Xu et al., 2004) . In comparison, low subsidies may not allow the goals of reducing sown areas of winter wheat and finally reducing the consumption of groundwater resources to be reached. Therefore, it is important for the land fallow policy to pinpoint target land parcels and to implement reasonable and proper standards for ecological compensation in groundwater over-exploited areas in the NCP.
In this paper, a case study was carried out in Cangxian, which is also a pilot county for the comprehensive control of groundwater over-exploitation in Hebei province. Using household survey data collected across Cangxian, we established multi-level logit models to analyze the determinants of household cropping system decisions; the opportunity costs of winter wheat abandonment were also calculated. On this basis, suggestions were given for target land parcels and for ecological compensation standards for the land fallow policy in the NCP.
Materials and methods

Study area
Cangxian county (116°27'-117°09'E, 38°03'-38°05'N) is located to the south of Beijing and Tianjin and to the west of the Bohai Sea (Figure 1) , and belongs to a flat transition zone from alluvial plain to coastal plain. The major soil type in Cangxian is sandy, but some areas suffer serious salinization or alkalinization. Cangxian has a temperate monsoon climate, with an annual average temperature of 13°C and annual average natural precipitation of 590 mm (Wang, 2012) . A winter wheat-summer maize double-croppng system used to be the major cropping system in Cangxian. However, the area farmed using the spring maize single-cropping system has continued to expand in recent years; winter wheat, summer maize and spring maize have now become the three major crop types, accounting for more than 90% of the total sown areas (GOHPG/ SBHP, 2014 
Data collection
The data applied in this study were collected through the household survey in Cangxian during March and May 2015. Household samples were selected by combining the stratified sampling method with the random sampling method (Zhang et al., 2015) . We first selected six towns in Cangxian, and then in each town we randomly selected two or three villages with groundwater as the major irrigation water source. In the third step, we randomly selected ten or so households in each village. Questionnaires were completed through semi-structured one-to-one interviews with the household heads or the household members responsible for the farm. The questionnaire contains five sections including household agriculture tools, household demographic characteristics, household income and sources, plot features, and an input-output table for crops during the growth season between 2013 and 2014. In total, 144 households were interviewed, and 134 valid questionnaires were received, with an effective rate being 93.1%.
Methodology
Against the background of households abandoning winter wheat on their own initiative, what are the target land parcels for the land fallow policy? How should we determine the standards for ecological compensation? These are two key issues to be solved during the initial stage of the policy. In order to solve these two issues, the multi-level logit models were established in this study to explore the determinants influencing household cropping system decisions, as well as to pinpoint the major determinants of the spatial distribution of winter wheat. In addition, cost-benefit analysis was carried out to calculate the opportunity cost of winter wheat abandonment, and then to provide suggestions for the standards of ecological compensation for households in response to the policy. 
Multi-level logit model specification
According to Yang et al. (2010) , household agricultural land-use behaviors are influenced by determinants operating at different levels, such as the physical attributes at land parcel level, economic and labor force characteristics at household level and the location and geographical environment at village level. The aggregated data collected at different levels are always heterogeneous between levels and homogeneous within levels, violating three fundamental assumptions of traditional econometric models, i.e., independent sample, normal distribution and variance homogeneity (Snijders and Boksker, 1999) . Multi-level modelling is an effective method in dealing with multi-level data, by decomposing the error term to different levels and transforming error terms to meet the above three assumptions (Overmars and Verburg, 2006 ). Recently, multi-level modelling has been widely applied in explaining household land-use decisions (Su et al., 2016; Zhang et al., 2014) .
In this study, multi-level logit models were applied to analyze the determinants of household cropping system decisions. There were two main cropping systems in Cangxian, i.e., the winter wheat-summer maize double-cropping system (double-cropping system) and the spring maize single-cropping system (single-cropping system). Here, 1 was used to express the double-cropping system, and 0 was used to express the single-cropping system; p was the probability of the occurrence of a "double-cropping system" event. The full three-level logit model was structured as follows: 000 00 0 0 00 0 00
where the subscripts i, j and k are indices of land parcels, households and villages, respectively; γ 000 is the fixed intercept to be estimated; r 0 and u 00 are random intercepts at household and village levels, respectively, both conforming to the assumptions of random distribution and mean values of zero; X, Y and Z are explanatory variables at land parcel, household and village levels, respectively; and α, β and γ are the corresponding regression coefficients. The intra-class correlation coefficient was estimated in order to indicate the proportion of variance that was explained by a certain level (Zhang et al., 2014) .
where   and   are the intra-class correlation coefficients at household and village levels, respectively; VAR(r 0 ) and VAR(u 00 ) are the variances of random effects; and π 2 /3 represents the residual variance at land parcel level (Zhang et al., 2014) .
In this study, determinants were also selected at three levels including land parcel, household and village levels, and 14 explanatory variables were finally chosen (Table 1) .
Opportunity cost accounting system
From the perspective of managers, the minimum ecological compensation should be the opportunity cost for the conversation of the ecosystem providing such services, and the maximum should not exceed the total value of the services for their beneficiaries (Laurans et al., 2012) . There are three major approaches for determining ecological compensation, i.e., opportunity cost accounting; ecological commodity price determination; and a synthetic Note: Land quality scales were mainly from the results obtained during the first implementation of the household contract responsibility reforms, and yields of winter wheat were used for corrections among villages. Specifically, yields of winter wheat from good land were larger than 450 kg/mu, from relatively good land 400-450 kg/mu, from relatively poor land 350-400 kg/mu, and from poor land less than 350 kg/mu. For the irrigation condition, irrigated land parcels were those near motor-pumped wells with irrigation equipment available; unirrigated land parcels were those far away from wells, or those near wells without irrigation equipment available. Agricultural equipment refers to agricultural tractors used for transportation of agricultural products. approach considering multiple factors including opportunity cost, ecological value and stakeholder prospects (Huang et al., 2002) . Opportunity cost accounting is widely applied globally for the determination of ecological compensation (Han and Yu, 2014 ). American's Conversation Reserve Program and China's "Grain for Green" Program are two representative examples (Wan and Zou, 2008) .
In this study, opportunity cost accounting was also applied to determine the compensation for household winter wheat abandonment.
where OC is the opportunity cost for household winter wheat abandonment; π a and π b are the net profits of land parcels before and after winter wheat abandonment (yuan/mu), respectively. If the net profits of summer maize and spring maize are equal, OC will roughly equal the net profit of winter wheat (π ww , yuan/mu). Otherwise, OC will be the difference between the net profit for the double-cropping system (π ww + π sm , yuan/mu) and the net profit for the single-cropping system (π cm , yuan/mu). The net profit of a crop can be calculated using cost-benefit analysis:
where p is the price of agricultural products (yuan/kg); Y is crop yield (kg/ha); I seed , I pesticide , I fertilizer , I machinery , I irrigation , and I labor are the input values of seed, pesticide, fertilizer, machinery, irrigation and labor force (yuan/mu), respectively; and I labor is usually estimated by multiplying the shadow wage of agricultural laborers (W l , yuan/day) by labor input (Labor, day/mu). According to Du (2000) , W l equals marginal agricultural profit, i.e., increase in total agricultural profit added by the last unit of labor input.
where G is total agricultural profit (yuan); L is labor input (days); and γ is the elastic coefficient of labor input, which can be estimated using the Cobb-Douglas production function (Du, 2000) .
where α is a constant term; A, L and C refer to land input, labor input and capital input, respectively; β, γ and θ are the elastic coefficients of A, L and C, respectively; Z refers to a list of external factors, such as farming conditions, climate factors and labor force characteristics; δ refers to a list of corresponding coefficients; and ε is the residual term.
Results analysis
Determinants of household cropping system decisions and target parcels for the land fallow policy
Multi-level logit models were applied to specify the determinants of household cropping system decisions; this was useful for identifying land parcels for winter wheat production and for improving the execution efficiency of the land fallow policy under the condition of households abandoning winter wheat on their own initiative (Xu et al., 2004) . Table 2 displays the estimated results of four multi-level models, with different sets of independent variables incorporated. Model 1 was a random intercept model with no independent variables, also known as the "empty model". This model was usually used as a base model to estimate whether the group level variance of the dependent variable was significant; it was also used to calculate the explanation degrees of the group levels (Overmars and Verburg, 2006) . Results of Model 1 showed that the random effect at village level (VAR(u 00 )) was significant at the 0.01 level, suggesting a significant difference in household cropping system decisions between villages. In comparison, the random effect at household level (VAR(r 0 )) was not significant. The intra-class coefficients at household and village levels were 0.032 and 0.405, respectively, im-plying that 40.5% of the total variance should be attributed to variation within villages, and only 3.2% should be attributed to variation within households. Variation within land parcels may explain the remaining 56.2%. Thus, land parcel and village levels were both crucial in explaining variation in household cropping system decisions, with the explanatory degree of the land parcel level being the highest. Model 2 incorporated independent variables at land parcel level. Results showed that land quality and irrigation condition both significantly influenced household cropping system decisions, while the influences of plot area and distance to residence were not significant. In Model 3, the coefficients for the independent variables at land parcel level had consistent signs, and the changes in their magnitudes were minor compared to those in Model 2. For the independent variables at household level, agricultural equipment and household agricul-tural laborer availability were both positively correlated with household preference for the double-cropping system, while land fragmentation and non-agricultural income per person showed a negative correlation. The age of agricultural policy makers showed a non-linear relationship with household cropping system decisions, as the estimated coefficients for average age and average age squared were both significant and showed opposite effects. Additionally, education level and ratio of laborers did not show significant influence on household cropping system decisions. Results of Model 4 showed similar relationships between the independent variables and the dependent variable at land parcel and household levels, as for Model 2 and Model 3. For the independent variables at village level, electricity price for irrigation was negatively correlated with the probability of households choosing the double-cropping system, while the influence of land transition rate was positive. Considering that the average land transition rate in Cangxian was only 6%, the influence was limited. A third variable at village level, i.e., distance to city center, showed non-significant influence on household cropping system decisions.
Multi-level logit analysis revealed that land parcel contexts were most important in explaining whether households chose a double-cropping system or a single-cropping system, and the explanatory degree was 56.2%. Village environment could also explain 40.5% of the variance in household cropping system decisions, which was less than that at land parcel level. However, household characteristics affected household decisions in only a minor way. The ROC value was the highest in Model 2, implying that the multi-level logit model incorporating the independent variables at only the land parcel level realized the optimal estimation fitting effect.
In terms of the specific effects of land quality and irrigation condition on household cropping system decisions, households were more likely to choose a double-cropping system on land parcels of better land quality; the percentages of sown areas farmed using the double-cropping system all exceeded 50% for good land, relatively good land and relatively poor land (Figure 2 ). For different irrigation conditions, the probability of a household choosing a double-cropping system was much larger on irrigated land than on unirrigated land. The percentage of sown areas farmed using the double-cropping system was only 9.2% on unirrigated land, while it reached 62.5% on irrigated land (Figure 3) . Therefore, we suggest that the target land parcels for the land fallow policy should be irrigated with good, relatively good or relatively poor land quality, and land parcels with the above properties should be proposed to abandon winter wheat with reasonable and proper compensation. The Cobb-Douglas production function was estimated using household survey data. The dependent variables were the logarithmic forms of household total agricultural profits, including profits for winter wheat, summer maize and spring maize. The OLS method was applied in estimating the parameters using Stata software. The results are shown in Table 3 . According to Table 3 , adjusted R 2 =0.914, implying that the model provided a good fit to the real data. The elastic coefficient of total labor input was 0.099, and the average shadow wage for agricultural laborers of Cangxian in 2014 could be calculated using Equation (5). The calculated result was 46.8 yuan/day. Then the net profits of winter wheat, summer maize or spring maize in each land parcel were calculated using Equation (4). Additionally, there was strong collinearity between ln(total sown area) and ln(total capital input), with the correlation coefficient being 0.952. The variable ln(total capital input) was discarded from the model.
Contrast of the net profits between spring maize and summer maize
It was impossible to simultaneously obtain the net profits of spring maize and summer maize for the same land parcel, while the net profits of spring maize and summer maize in land parcels with similar farming conditions could be regarded as substitutions. An independent-sample t-test was applied to compare the net profits of the two crops. Results are shown in Tables 4 and 5 . Results of the independent-sample t-test showed that there were no significant differences in the net profits between spring maize and summer maize on land parcels with the same irrigation conditions. For irrigated land and unirrigated land, P-values both exceeded 0.1 (Table 4 ). In addition, the net profits of spring maize and summer maize were close to each other on land parcels with the same land quality. The P-value for good land was the lowest, also exceeding 0.1. Generally, despite different growing periods for spring and summer maize, differences in the net profits between the two crops were not significant under similar farming conditions. According to Equation (3), the opportunity cost of household winter wheat abandonment roughly equaled the net profit of winter wheat.
3.2.3
Opportunity cost and compensation standards for winter wheat Section 3.1 revealed that household initial winter wheat abandonment accounted for about 70% of sown areas of poor land and more than 90% of sown areas of unirrigated land. Winter wheat was mainly grown on good, relatively good or relatively poor irrigated land parcels, which were also suggested target land parcels for the land fallow policy. The net profits of winter wheat on the above land parcels were calculated using Equation (4). Results are shown in Figure 4 .
According to Figure 4 , the cumulative percentages of sown areas of winter wheat changed in different ways for good, relatively good and relatively poor irrigated land. The cumulative percentages were approximately equal when the net profits of winter wheat were less than 100 yuan/mu. When the net profits ranged between 100 yuan/mu and 250 yuan/mu, the cumulative percentages for good and relatively good irrigated land were still similar, and were all lower than those for relatively poor irrigated land. When the net profits were between 250 yuan/mu and 600 yuan/mu, the cumulative percentages for three types of irrigated land were different from each other; the cumulative percentages for good land were lower than those for relatively good land, and the cumulative percentages for relatively poor land were the highest. When the net profits exceeded 600 yuan/mu, the cumulative percentages were again similar for the three types of irrigated land. For all irrigated land, the cumulative percentages were lower than those for relatively poor land and were higher than those for good land; the cumulative percentages equaled those for relatively good land when net profits exceeded 400 yuan/mu. Compensation standards were usually determined based on the mean values of opportunity cost in previous instances of ecological compensation (Wan and Zou, 2008) . In Cangxian, the mean values of the net profits of winter wheat were 424 yuan/mu, 380 yuan/mu and 291 yuan/mu for good irrigated land, relatively good irrigated land and relatively poor irrigated land, respectively. For all irrigated land, the mean value was 367 yuan/mu. Suppose that households would abandon winter wheat only if their subsidy exceeded net profit, and the accumulated percentages of sown areas of winter wheat in Figure 4 are regarded as accumulated percentages of winter wheat abandonment for different subsidies, i.e. net profits. For all irrigated land, the accumulated percentage of winter wheat abandonment would be 31.2% if the subsidy was equal to the mean value of net profits of winter wheat for relatively poor land (291 yuan/mu); the accumulated percentages of winter wheat abandonment would be 46.0% and 55.0% if subsidies were equal to the mean values for relatively good land (367 yuan/mu) and good land (424 yuan/mu), respectively. Therefore, the potential accumulated percentages of winter wheat abandonment would change a lot under different levels of compensation standards, and the specific amounts of compensation subsidy should be determined according to the percentages of winter wheat abandonment proposed by the government.
There has been no definite rule about sown areas or percentage of winter wheat abandonment in the groundwater over-exploited NCP. Hu et al. (2010) proposed that the percentage reduction in amount of local groundwater withdrawal should be no less than 29.2% in order to stop groundwater drawdown, and it should be more than 39.2% in order to induce groundwater recovery and restoration to the pre-development hydrologic conditions of the mid-1950s. Considering only the groundwater consumption of winter wheat, the above two thresholds of 29.2% and 39.2% were also used to determine the percentages of winter wheat abandonment, since the percentage shrinkage in sown areas of winter wheat approximately equaled the percentage reduction in groundwater consumption in the NCP (Wang et al., 2015) . The corresponding net profits were 273 yuan/mu and 341 yuan/mu, respectively (Figure 4) . Accordingly, at the preliminary stage, groundwater recovery and restoration are the primary purposes of the land fallow policy, and a higher level of 350 yuan/mu should be recommended as the subsidy for ecological compensation, similar to the mean value of net profits of winter wheat on all irrigated land. Later, when the major aim of the land fallow policy is transitioned to balancing groundwater exploitation and supplementation, 280 yuan/mu should be the recommended subsidy for ecological compensation, which approximately equals the mean value of net profits of winter wheat on relatively poor irrigated land.
Discussion
The subsidy of ecological compensation determined in the documentation The Implementation Program on Pilot Comprehensive Control of Groundwater Over-exploitation in Hebei Province through Agricultural Cropping Structure Adjustments and Water-saving Projects in 2014 was 500 yuan/mu. This value was determined with insufficient scientific basis, and has not been widely implemented. In this study, subsidies of ecological compensation were recommended based on determinants analysis of household cropping system decisions and estimation of opportunity costs for winter wheat abandonment, using household survey data. Following the above scientific basis, the two subsidy values, i.e., 350 yuan/mu and 280 yuan/mu, were both lower than 500 yuan/mu, implying a large reduction in financial input and positive policy implications. However, further work is still needed: for example, to enlarge the range of case-study areas and the tracking survey, in order to achieve more reasonable standards for ecological compensation.
Additionally, groundwater over-exploitation is the main negative ecological effect of winter wheat production in the NCP, apart from the excessive application of pesticides, fertilizer and so on. Winter wheat production also has positive ecological effects, such as purifying air, preserving soil and water, etc.
Conclusions
The main conclusions can be drawn as follows:
(1) The contexts of land parcels and village background were both crucial in explaining household cropping system decisions, and their explanation degrees on the variances of the independent variable were 56.2% and 40.5%, respectively. The explanation degree for household characteristics was only 3.2%. The multi-level logit model incorporating independent variables at only the land parcel level was able to realize the optimal estimation fitting effect (ROC=0.920).
(2) Winter wheat abandonment accounted for about 70% of the sown areas of poor land and more than 90% of the sown areas of unirrigated land. Winter wheat was mainly grown on irrigated land or land with good, relatively good or relatively poor qualities. Target land parcels for the land fallow policy should be the good, relatively good and relatively poor irrigated ones.
(3) There were no significant differences in net profits between spring and summer maize, under similar farming conditions. The opportunity cost for household winter wheat abandonment should be equal to the net profit of winter wheat. (4) A higher level of 350 yuan/mu was recommended as a subsidy for ecological compensation at the preliminary stage of the land fallow policy, when the primary purpose is groundwater recovery and restoration; a lower level of 280 yuan/mu was recommended for a later stage when the major aim of the land fallow policy transitions to balancing groundwater exploitation and supplementation.
